As a part of an in vestigat ion of the synthesis of highly branched a li phatic hydrocarbons tha t is being co nduc ted at t he National Bureau of Stand a rds for the National Adv iso ry Committee for Aeronau t ics, the l\'avy Bureau of Ae ronautics, and t he Army Air Forces, se ve ra l compo unds have been prepared by in teraction of alky l h a lides a nd variou s carbo nyl compo unds in the prese nce of sod ium. This reaction makes possib le t he sy n t hesis of ce rtain highly branched compou nd s not easily obtain able by other m eans.
L Introduction
The usc of the GrignaI'd r eaction for synthesis of highly branched compounds is limited by un-I d esirable side reactions, which become progres-. s ively more pronounced as the degree of branching of the r eactan ts is increased. These side r eactions involve the l'eclu ction and enolization of the adduct rather than th e desired addition of the alkyl group . The recent work: of Bartlett and Schn eider [1) 1 and previous work by Morton and Stevens (13) indicate that th e reaction between an alkyl halide and an ester or ketone undel' th e influen ce of sodium may be used to prepare certain compounds more easily than by th e GrignaI'd reaction, or m ay be used in some cases in which the Grignard reaction fails completely as a synthetic tool. In this paper, are described the )'Csults of a few reactions that were designed to give information concerning the scope of the reaction and th e effect of variou s solvents an d temperatures of reaction . The work of Bartlett and Schn eider has been extended to include a few additional reactants.
II. Experimental
The apparatus u sed in making small-scale runs was th e conventional three-n eck flask of appropriate size, fitted with a stirrer, reflux condenser, and th ermometer. A separatory funnel was placed at the top of th e condenser. H eating and Aliphatic Condensations by Sodium cooling of th e r eaction mixture was effected by application of ho t or cold oil baths. In some cases, particularly with lo w-boiling solvents, both small necks of th e flask were fitted with reflux condensers with th e elimination of the thermometer.
Sodium sand was prepared batch-wise by h eating a weighed amount of sodium in a purified ligh t mineral oil until melted, and then sh aking the liquid sod ium vigorously in a closed E rlenm eyer flask until th e des ired state of subdivision was obtained. After the particles of sodium h ad cooled sufficiently, they were wash ed by decan tation with three or four portions of the solvent to be used, transferred to the reaction vessel, and immediately covered with solvent.
A few of the first reactions tried in this series were conducted in ?i-pentane (boiling range 34° to 38° C), but later ones were condu cted in isooctane 2 (boiling point, 99° C). It wa found tha t t he vigorous reactions were more easily con trolled when th e high er-boiling solvent was used. Also th e usc of isooctane as a solven t facilitated the use of higher temperatures for th e reactions.
Bartlett and Schneider carried out th eir reactions by adding all of the alkyl halide to the sodium at once and then adding the carbonyl compound over a period of time. In attempting to usc this technique in our applications of the reaction, we often found that the reaction was so vigorous that th e sodium was completely consumed before all of the carbonyl compound could b e added . Apparently in these cases there is a self-sustaining reaction b etween th e sodium and th e alkyl halide that n eeds only a star ting impetus given by the carbonyl compound . In order to minimize t his eff ect only a small portion of the alkyl halide was added at th e start of th e r eaction, and t h e r emainder was mixed with th e carbonyl compound for gradual addition during the reaction.
After th e reaction had been carried to completion, the mixtuTe was decomposed eith er by pouring it into ice water or by direct addition of water to th e mixture in th e :flask. If any sodium was visible in th e flask , th e treatm ent with water was preceded by t h e addition of small amounts of ethyl alcohol. After complete hydrolysis, th e two layers were separated and th e organic layer washed with several portions of water. The organic substance was finally dried over a sui table drying agent. In those cases where t he products of r eaction were well known, only those physical con stants th at were deemed necessary to identify the product were determined.
Some of th ese reactions have been used for large-scale synthesis; the eq uipmen t used in th ese cases has b een described previously [8] .
Methyl isobutyrate, t-butyl chloride, methyl n-butyrate, isobutyl chloride, n-propyl chloride, and n-butylchloride wer e all m ade by standard procedures. Ethyl trimethylacetate and hex amethylacetone (2,2,4,4-tetramethyl-3-pentanone) were prepared by m ethods previously described [8] . Pentamethylacetone (2,2,4-trimethyl-3-pentan one) was prepared by a large-scale run of th e reaction between ethyl trimethylaeetate and isopropyl chloride by th e method describ ed herein. Pinacolone (3 ,3-dimethyl-2-bu tanone) [8] was prepared by the oxidation of 3,4,4-trimethyl-2-pentene [8] with sulfuric acid-dichromate solu tion in a manner analogous to that used previously for the prepar ation of 4,4-dimethyl-2-pentanone [8] . Th e other materials were ob tained commercially.
Only constant-boilillg materials that were collected from distillation in a 180 by 2.5-cm Whitmore and Lux [16] column were used in the synthesis. Several of t hese columns were used ; some were packed with glass h elices, the others were pack ed with stainless steel h elices, but all 112 were equipped with the type of distilling hear! recently described [7] .
Solvents used for t he Teactions were removed by distillation t hTough these columns; the r esidues were di stilled '(generally at reduced pTessures) in a Podbielniak H yp er-cal column or in a Claisen flask fitted with a short fra ction ating column.
Yields were calculated on the basis of t he amount of carbonyl compound t hat was added to the reaction. T a ble 1 summarizes data obtained on the sever al products, together with results reported in the li terature . 1 . Diisopropyl Ketone and n-Propyl Chloride Sodium sand (69 g , 3 g atoms) was added to 1 liter of isooctan e in the reaction vessel. The contents was heated to 80° C, and a solution of 114 g of diisopropyl ketone (1 mole) and 157 g of n-propyl chloride (2 moles) was gradually added. After the reaction began , the temperature rose to 95° C, which caused considerable r e:fluxing. The characteristic 3 greenish-black color appeared, and addition of the ketone-halide solution was continued at su ch a rate as to insu re vigorous re:fluxing. AdditiOll time was approximately 2 hours. After standing overnight the reaction mixture was hydrolyzed, and the organic layer was washed an d dTied. Isooctane and unreacted n-propyl chlorid e were removed by distillation , and the residue was distilled at reduced pressure (Claisen flask) . There was obtained 40 g of recovered diisopropyl ketone, an d 51 g of 2-methyl-3-isopropyl-3-hexanol (3 2% yield). This carbinol has been prepared by George [5] in 36-percent yield by the reaction of n-pl'opyl-magnesium haJide and diisopropyl ketone. The residue (50 g) was a viscious material (boiling point > 200° C, nn 20 1.4590) , and presumed to be a. bimolecular product from conde nsatio n of diisopropyl ketone.
Diisopropyl Ketone and Isobutyl Chloride
A solu tion of 155 g of isobutyl chloride (1.68 moles) and 96 g of diisopropyl ketone (0.84 mole) was diluted with 200 ml of isooctane and added M cth y l-n-b u ty ral e a nd I· buly l chloride (large ru n) .
Hexam cth-y laceto ne and l-b lll y l No prod ucL ______ _________ _________ ------------------------------------
Met h yl i;;o butyratc a ncl I· butyl chlor ide.
Dieth y lcarbonatc a n d I-b uiyl chlo-
ride.
See f ootn otes at e nd of tub le. I Y ields based u p on t he carbony l or ester compound . ' T h e tem peraturc con ve rsion to 760 mm H g wa s done by a meth od described b y L ippencott [II ] . a T he data in italics are from the litera ture. ' A freezing pOin t of -10.10 C fo r t his compoun d was made b y E . H. R icb .
• T he values for a known sam ple of 2,2,3,6,6-pcn tamcL h yl-3-hep Lene-5-o nc, as measured in this labora tory . 5 Obviously, a m ixLure of k etone and ca rbinol.
Oonstan ts from th e carbinol previously prepared in this laboratory.
over a p eriod of 3 hours to a suspension of 69 g of sodium sand (3 g a toms) dispersed in 1 liter of isoo ctane at 80° C. The r eaction mixture turned purplish blue as soon as th e addi tion was begun , and the temperature rose quickly to 98° C. Stirring was con tinued for 1 hour after the addi tion was completed . The r eaction mixture was hydrolyzed after standing overnight, and the organic layer washed several times with water and dried. The solven t and unreacted isobutyl chloride were distilled off, and th e r esidu e was distilled under r edu ced pressure (Claisen flask) t o give 20 g (14 % yield) of 2,5-dimethyl-3-isopropyl-3-h exanol.
Pentamethylacetone and Methyl Bromide
A suspension of 69 g of sodium sand (3 g atoms) in a solution of 128 g of pentamethylacetone (1 mole) and 1 liter of isooctane was h eated to 80° C. An excess of m eth yl bromide was added from a m ethyl bromide dispenser 4 through a t ube extendin g below the surface of th e liquid. The r eaction began in the usual manner, wi th the t emperature risin g quickly to 98° C, and the appearance of th e blue color. Stirring was continued for 1 hour after all of t h e m ethyl bromide 'Arrow Prod ucts 00., Oarlstadt, N. J.
had been added, and the contents of the flask was allowed to stand overnight_ The reaction mixture was· worked up in th e usu al manner , and th e isooctane and umeacted m ethyl bromide were r emoved by distillation. The r esidue, which was distilled at redu ced press ure (Podbielniak still), yielded 62 g of 2,2,3, 4-tetramethyl-3-pentanol, (0.43 mole, 43% yield ). 4 . Pentamethylacetone a n d Methyl Iodide P en tam ethylacetone (128 g, 1 mole) and 284 g methyl iodide (2 moles) wer e diluted with 200 ml of isoo ctane and add ed over a period of 2 hours to a susp ension of 69 g of sodium sand (3 I g a toms) in 300 ml of isooctane a t 80° C. A rapid rise in temperature occurred , followed by th e I appearance of t h e characteristic blue color. After standing overnight th e r eaction mixture was hydrolyzed, and the organic layer w ash ed several times with wa ter and dried. The solven t and unreactecl m ethyl iodide wer e r emoved by distilla tion, and th e r esidue, which was distilled under r educed pressure, (Claisen flask ) gave 41.5 g (29 % yield ) of I 2,2,3,4-te tramethyl-3 -p entanol.
Pentamethylacetone and Ethyl Bromide
A solu tion of 163 g of ethyl bromide (1.5 moles) and 64 g of pentamethylacetone (0.5 mole) was added to 72 g of sod ium sand (3 .1 g atoms) suspended in 900 ml of isooctane. The r eaction began in the us unl manner with th e appearance of the blue color and a r ise in the temperature from 80° to 98° C. After standing overnight the reaction mixture was hydrolyzed, and the organic portion was washed and dried. J sooctane was removed by distillation, and the residue was distilled at a reduced pressure (Claisen flask) to give 35 g (44% yield ) of 2,2,4-trimethyl-3-ethyl-3-pentanol. N asarow [14] prepared the same carbinol in 7-percent yield by using pentamethylacetone and ethylmagnesium bromide.
A large run of this reaction has been carried out as a part of a synthesis. More precise data on the physical properties of the carbinol, its dehydration, and iden tmcation of 4,4-dimethyl-3-i 0-propyl-2-pentene as the dehydration produ ct will I be reported when further work, which is now in progress, has b een completed .
. Pentamethylacetone and Isopropyl Chloride
A solution of 64 g of pentam ethylacetone (0.5 I mole) and 98 g of isopropyl chlorid e (1.25 mole) was diluted with 250 ml of isooctane and added to a r eaction flask containing 72 g (3. 1 g atoms) of sodium and in 300 ml of isoo ctane at 80° C. The usual procedure was carried out, and the organic layer was worked up in the usual manner. After removing the solvent, the r esidue was distilled at reduced pressure (Claisen flask ) to give I 36 g (42 % yield) of 2,2,4-trimethyl-3-isopropyl-3-pentanol. T his carb inol was prepared by Bartlett and Schneider [1] in 6-per cent yield from the r eaction of diisopropyl k etone with t-butyl chloride by m eans of sodium.
. Hexamethylacetone an,d n-Propyl Chloride
A solution of 142 g of h examethylacetone (1 \ mole) and 157 g of n-propyl chloride (2 moles) I was diluted with 200 ml of isooctane . T his solu-: tion was added to 69 g of sodium sand (3 g atoms) i in 600 ml of isooctane at 80° C over a period of 2 hours. A sudden rise in temperaure occurred and I was followed by the appearance of the usual blue-I black color in the r eaction mixture. After standing overnight the contents of the flask was hydrol lyzecl, wash ed, and dried. Isooctane and un-I reacted n-propyl chlorid e wer e r emoved , and the I residue was distilled at reduced pressure in a Claisen flask. Ther e was obtained a 38-percent I Aliphatic Condensations by Sodium yield of 2,2-dimethyl-3-t-butyl-3-hexanol. Two analyses 5 on this carbinol gave (1) It is presumed that the carbon and hydrogen analyses are high due to the presen ce of som e olefinic material formed by the dehydration ot the carbinol during distillation.
. Hexamethylacetone and i-Butyl Chloride
A solution of 71 g of h examethylacetone (0.5 mole) and 138 g of t-butyl-chloride (l.5 moles) was added to 69 g of sodium sand (3 g atoms).
The reaction began at 78° to 0° C, but it did not proceed well. Considerable gas, probably 1S0-bu tylene , wa given oft' during the r eaction. Th e ke tone-halide solution was added to the reaction m ixture over a period of 2 hours. The contents of the flask was worked up in the usual manner, and the solvent was r emoved at atmospheric pressure. The r esidue (85 ml) was distilled from a Clai sen flask at r educed pressure to give: 25 ml of residual isooctane, 36 g of r ecover ed h examethylacetone, boiling point 65° to 72° C at 32 mm H g, n~o = l.41 33 to l.4 195 , and 3 ml of heavy viscous material of unknown composition. An attempt to crystalize tri -t-butyl carbinol [1] from a pentane solution of the r es idue by using first an icc-salt mix ture and secondly a dry icc and acetone m ixture, fa il ed to yield any solid material. 9 . Pinacolone and n-Butyl Chloride A solution of 100 g of pinocolone (lmole) and 185 g of n-butyl chloride (2 moles) in 700 ml of isooctane was added to 69 g of sodium sand (3 g atoms) in 300 ml of isooctane at 80° C over a period of 2 hours. T h e reaction that ensued was similar to those already d escrib ed . After standing overnight, the reaction mixture was worked up in the previously described manner. The isooctane and unreacted n-butyl chlorid e were removed at atmosph eric pr essure, and the r esidue was di stilled at reduced pressure in a Claisen flask. There was obtained 43 ml of material having these properties: boiling point, 103° to I We are indebted to the Anal yti cal Chem istry and Standard Samples Sect ions, NBS, for t. he ca rbon and hydrogen determination .
6 Lorentz-Loren z equat ion . 107° C at 30 mm H g, n~= 1.4487 D20= 0. 8439. The r eported constan ts for the expected product, 2,2,3-trimethyl-3-heptanol, are boiling point, 84° to 87° C at 13 mm H g, n~ 1.4409 , D 20 0.8487 [3] . Since the constants of the fraction obtained do no t agree with the reported values, it was presumed that pinacolone had dimerized in th e presence of sodium to yield , after dehydration, 2,2,3,6,6-p en t am e thy 1-3-hepten e-5-one, boiling point, 83° C at 10.5 mm Hg, n;' = 1.4498, D 21 = 0.8432. A carbon and hydrogen determination gave C, 79 .1 percent; H , 12.6 per cent. The calculated values for th e dimer arc: C, 79.12 percent ; H , 12.08 percent, and for 2,2,3-trimethyl-3-h ep tanol, C, 76 per cen t; H , 13.92 percen t . The formation of t h e dimer was expected rather than the addition reaction, because pinacolone, being a methyl ketone, easily aldolizes in the presence of sodium. A 2,4-dinitrophenylhydrazone was prepared from some of this material, which m elted 146.5° to 147° C. The same derivative was prepared from an authentic sample of 2,2,3,6,6-pentam ethyl-3-h eptene-5-one and melted at 147° to 147.5° C. A mixture of th e two derivatives melted at 146.0° to 146 .5° C. H ence the main produ ce from this r eaction was th e dehydrated bimolecular product from pinacolone.
Methyl n-Butyrate and i-Butyl Chloride
A solution of 102 g of m ethyl n-butyrate (1 mole) and 368 g of t-butyl chloride (4 moles) was added over a period of 3 hours to 46 g (2 g atoms) of sodium sand in 200 ml of isooctane at 80° C . After standing overnight the mixture was hydrolyzed , and t h e organic layer was washed several times with water and dried over anhydrous sodium carbonate. The isooctane was r emoved , and the residue was distilled at reduced pressure in a Claisen flask. Ther e was obtained thereby 11 g (9% yield) of 2,2-dimethyl-3-h exanone.
Since more information was desired on this reaction t han was afforded by the small-E\cale run, a large run was made. A solution of 17.6 kg of t-butyl chloride (190 moles) and 7.54 kg of ethyl n-butyrate (65 moles) was added over a period of 7 hours to 6.9 kg of sodium sand (3 00 g atoms) in 10 gal of isooctane at a temperature of 55° to 60° C under a nitrogen atmosphere. The reaction mixture turned gr eenish-black during the course of the addition and evolved large quantities of gas, 116 probably isobutylene. The r eaction mixture was stirred overnight at a temperature of 56° C.
Five gallons of 95-percent eth anol was then added over a half-hoUl' period, and the mixture was k ep t at reflux temperature all day in order to r emove as much as possible of the excess sodium. This was followed by 10 gal of water, which was added cautiously to t h e cooled r eaction mixture under a nitrogen atmosphere during 6 hours . After th e last traces of sodium had disappear ed, the mixture was washed three times with a large amount of water. About 8 to 10 gal of organic material was obtained, which was dried over calcium chloride prior to distillation.
The isooctane was r emoved at atmosph eric presSUl'e, and the r esidue, 2,500 ml, was submitted to vacuum distillation (Podbielniak) . There were obtained 552 g of 2,2-dimethyl-3-hexanone (4.3 moles, 6.6 %) and 408 g of 2,2-dimethyl-3-hexanol (3 .1 moles, ,4.8%) [10] . There were no fractions that could be identified as the desired product, 2 ,2-dime thyl-3-t-buty 1-3-hexanol.
The poor r ecovery of startin g materials is indicative of the fact that little coupling occurred ; the boiling points of the coupling products are all well above that of isooctane, and they would certainly have appeared in th e residue left upon stripping the isooctane. H ence their absence can only be accounted for as a consequence of side I reactions. Th e t-butyl chloride was lost partly as isobutylene during the course of the reaction, and th e remainder distilled with the isooctan e during th e stripping operation. The ester must have been lost as a consequence of alkaline hydrolysis when the reaction mixtUl'e was worked up , th e hydrolysis products being discarded with th e raffinates.
. Methyl Isobutyrate and i-Butyl Chloride
In a 50-gal stainless steel reactor, 6.9 kg of I sodium sand (3 00 g atoms) was prepared in 10 gal of isooctan e. To this was added 17.6 kg of t-butyl chloride (191 moles) , and the mix ture was I heated to 45° C, after which 6.4 kg of m ethyl isobutyrate (62.8 moles) was added over a period of 6 hours. The reaction mL'{ture was stirred overnigh t and hydrolyzed . The organic layer was separated , washed, and dried. I sooctan e and unreacted t-butyl chloride were distilled at atmospheric pressure. The following compounds wer e isolated from the residue by distillation on a Podbielniak column: 59 g of h examethylethane, 4,036 g of pentamethylacetone (50 % yield), 599 g of 2,4 ,4-t rimethyl-3-p entanol, and 2,229 g of 2,2,4,4-tetramethyl-3-isopropyl-3-pentanol (19 % yield) . The latter carbinol was prepared in 15-percent yield by Bartlett and Sclmeider [IJ by the r eaction of pentamethylacetone, t-butyl chloride, and sodium.
Diethylcarbonate and i-Butyl Chloride
Ethyl trim ethylacetate (9% yield) and h examethylace tone (9% yield ) were obtained from the r eaction of 277 g of t-butyl chloride (3 moles) and 236 g of diethylcarbonate (2 moles) in the presence of 92 g of sodium sand (4 g atoms) using petroleum ether as th e solvent. There was considerable difficulty in starting the r eaction, but once started t h e r eaction becam e very vigorous. The sodium turned black, th en bronze, and the r eaction mixture t hickened considerably so that additional solvent was required to permit stiJ'ring. After hydrolyzing th e r eaetion mL'(ture, the organic layer was worked up in t h e usual manner. After removing the petroleum ether , the residue was distilled in a Podbielniak column to give 0.185 mole of ethyl trimethylacctate, and 0.176 mole of h examethylacetone.
A second run was made by using th e sam e quantity of materials, but isooetane was used as the solvent. From the r esidue 25 g of solid (melting poin t, 78° C) , which was identified as pivaloin (melting point, 80° C), and a very high boiling material were obtained. There wer e no fractions isolated · havin g the properties of eith er ethyl-trimethylacetate or hexamethy lacetone .
Ethyl Trimethylacetate and Isopropyl Chloride
In a 50-gal stainless steel r eaetor, 15.4 Ib of sodi um sand (3 00 g atoms) was prepared in 10 gal of isooctane. · To this th ere was added, over a period of 6 hours, a solution of 180 moles of isopropyl chloride and 60 moles of ethyl trimethylacetate. The r eaction mL'(ture exhibited the ch aracteristic appearance of a blue color accompanied by a rise in th e temperature to 54°C. The r eaction was kept at 50° to 70° C by means of warm v.rater in th e k ettle jacket. After standing overnight, excess sodium was destroyed by 5 : gal of 190-proof ethyl alcohol, followed by ample quantities of ,vater for hydrolysis . The orgame Aliphatic Condensations by Sodium.
704~50-48--3 layer was separated, wash ed several time with water , and dried over anhydrous calcium chloride. I soo ctan e was distilled off, and th e r esidue was distilled at r educed pr essure in a Podbielniak column. The following products wer e isolated and identified from the ir physical constants: 2.5 moles (4 % yield) pentamethylacetone, 2.73 moles (4 % yield) 2,2,4-trimethyl-3-pentanol, and 32.6 moles (54 % yield) 2,2,4-trimethyl-3-isopropyl-3-pentanol. Distillation data are shown in figure 1. 14. Paraldehyde, Paraformaldehyde, and i-Butyl Chloride
An attempt was made to extend the BartlettSchneider reaction to include the reaction of an aldehyde with an alkyl halide. B ecause monomeric aldehydes aldolize under alkaline conditions, it was decided to try paraldehyde and paraformaldehyde.
A mL'{ture of 132 g of paraldehyde (0.5 mole) and 138 g of t-butyl chloride (1.5 mole) was added in small portions to 39 g of sodium sand in 400 ml of isooctane. The temperature of the r eaction mixture was maintained at 80° C until all of the mL'cture h ad been added. There was no eviden ce of reaction at this temperat m e; consequently the mL'(ture was h eated to 90° C for 1 hour. After standing overnight, no reaction had taken place. The experiment was discontinued.
A similar attempt ,vas made with paraformaldehyde and t-butyl chloridc as reactants, but no reaction was observed.
Acetamide and I-Butyl Chloride
Small portions of 59 g of acetamide (1 mole) and 277 g of t-butyl chloride (3 moles) were added to a reaction vessel containing 69 g of sodium sand (3 g atoms) in 1 liter of isooctane. The reaction was very sluggish with evolution of a gas (probably isobutylene), and the temperature did not rise above the initial temperature of 80° C. After hydrolysis with ethyl alcohol and water, a strong odor of ammonia developed indicating hydrolysis of the acetamide to acetic acid. Fractionation gave a cut (boiling point 78° C n~= 1.3862 ) identified as ethyl acetate [9] . This is not surprising, since acetic acid and ethyl alcohol could esterify under conditions of the experiment. No other reaction product was obtained.
Acetic Anhydride and i-Butyl Chloride
In a large Erlenmeyer flask, 94 ml of acetic anhydride was added to 23 g of sodium sand in 100 ml of isooctane . The mixture was heated to 75° C, and 217 ml of t-butyl chloride was added in small amounts. From time to time the flask was heated on a hot plate. There were no visible signs of reaction, nor did any reaction occur when the contents of the flask was heated to the boiling point of isooctane (boiling point, 99° C). Th e addition of t-butyl chloride was discontinued, and the reaction mL'{ture was allowed to stand overnight. No change had taken place during the night, and the experiment was therefore discontinued.
III. Summary
In the study of these condensation reactions, seventeen runs were made, of which nine were of 118 the aliphatic ketone-aliphatic halide type, four were of the aliphatic ester-aliphatic halide type, and four were a miscellaneous type. In those r eactions that produced desirable compounds, the yields were as good or better than where the Grignal'd reagent was employed.
This reaction is apparently, applicable to compounds whose carbonyl group is sufficiently r emoved from influences that cause enolization, aldolization, or hydrolysis. Table 1 is a resume of results obtained in this work.
